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INTRODUCTION

Anatomical research in recent years
indicates that the skull base is a critical
region in the coordination of growth of
the neural and facial skeletons. Only a
few studies have dealt with aberrant
growth of this region. Further investiga-
tions could lead to a better under-
standing of the influence of the cranial
base on the dentofacial complex. Todd*
and others>* have shown that one area
of disharmonic growth will cause subse-
quent abnormalities in regions and
structures correlated with it. Many
dentofacial disharmonies exist, however,
without disturbances of the skull base.

In an effort to clarify normal growth
processes of the cranial base, micro-
cephalics, who have an obvious dis-
harmony of growth in a region contigu-
ous to the skull base, have been studied.
It would seem that such a gross dispro-
portion in growth of the neural mass
should have some effect on the cranial
base. All reports in the literature, how-
ever, are to the contrary. The cranial
base is said to be unaffected by a reduc-
tion of cranial capacity.

The current study was undertaken in
order to apply a method of measuring
cranial capacity in vivo to the diagnosis
of microcephaly. It was also hoped to
determine the variability, if any, of the
microcephalic cranial base with the
normal cranial base, as well as to deter-
mine possible clinical applications.

*From a thesis in partial fulfillment
of the requirements for the degree of
Master of Science, Tufts University
School of Dental Medicine.

**Associate Professor, Department of
Orthodontics, Tufts University School of
Dental Medicine.
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MATERIALS AND METHODS

Thirty-five subjects, medically diag-
nosed as microcephalic, were selected
from the Fernald School, Waltham,
Massachusetts, under the supervision of
the Department of Neurology, Massa-
chusetts General Hospital, Boston. The
subjects were varying ages and of both
sexes, The following records were
taken: 1) lateral cephalograms, 2)
posteroanterior cephalograms, 3) wrist
roentgenograms on all subjects under
fifteen years of age, 4) profile and front
view photographs, 5) dental casts (un-
less totally edentulous), and 6) finger
and hand (palm) prints of interrelated
subjects. All of the above records were
not used in this particular study but
were taken for concurrent research and
possible future studies. Twelve of the
original subjects were eliminated be-
cause of incomplete or inaccurate rec-
ords as a result of severe mental retarda-
tion and/or poor cooperation. One
Mongoloid and two dwarfs were also
eliminated. One subject had superim-
posed pathology in the region of the
nose and eyes and was, therefore,
eliminated from the study. The remain-
ing nineteen subjects were used for this
study.

The cephalometer was adjusted to
conform to the method described by
Bjork.® The focus-median plane distance
was 180 cm and the median plane-film
distance was as close to 9 cm as possible.

Tracings were made from both lateral
and P-A cephalograms on matte acetate
tracing film. A typical tracing of the
lateral cephalogram is illustrated in
Figure 1. The following reference points
were used: nasion (N), sella (S), basion
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Fig. 1 Typical tracing of a cephalo-
gram of a microcephalic. Orientation to
the Frankfort Horizontal Plane (FH)
is indicated.

(Ba), ethmoidal (eth) (the lowest
median point of the contour of the
anterior cranial fossa corresponding to
the cribriform plate of the ethmoid),
orbital roof (orf) (the uppermost point
in the roof of the orbital cavity) and
frontal bone (F) (a point along the
N-S line indicating the internal contour
of the frontal bone; this is marked by
projecting the distance from nasion of
the nearest point on the internal con-
tour of the frontal bone).

The following reference lines were
measured to the nearest 0.5 mm: N-S,
N-F, S-F, S-Ba, eth-NSL (the perpen-
dicular distance from ethmoidal to N-S
line; the value of this line is positive
when ethmoidal is situated below the
N-S line and negative when ethmoidal
is situated above N-S line) and orf-
NSL (the perpendicular distance from
the uppermost point of the roof of the
orbital cavity to N-S line).

The cranial volume was measured
from the lateral and P-A cephalograms
in accordance with the technique de-
veloped by Neihoff and Haach.®

All measurements, linear as well as
angular, were read to the nearest half
of a millimeter or to the nearest half of
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a degree, respectively. The data ob-
tained were then subjected to suitable
statistical analysis. This will be discussed
subsequently.

FinpiNGs

The normal means and ranges for
American children and young adults
have been reported.” All subjects used
in this study were two standard devia-
tions or more below the normal mean.
In addition, each subject had been
medically diagnosed as microcephalic.
No differentiation was made as to sex
or etiological factors.

The control group for the cranial base
measurements in this investigation was
taken from a study of Bjork® and one
by Stramrud.® These investigators used
identical cephalometric techniques.
Stramrud’s sample consisted of 464
Danish males ranging from three to
twenty-five years of age. Except for the
youngest group, thirty or more individ-
uals were in each group. Bjérk’s sample
consisted of 243 twelve-year-old Swedish
males who were re-evaluated at age
twenty. The mean and standard devia-
tions for the cranial base reported by
these investigators are well within one
standard deviation of each other and
generally are accepted as representative
of the normal population. The cephalo-
metric technique employed in our study
was identical to the studies cited®® so
that correction for distance was un-
necessary.

Age is an important consideration in
studies involving the cranial base. Sub-
jects over the age of twenty would be
ideal, since growth of the structures
comprising the cranial base is virtually
completed by the age of twenty. The
number of available microcephalics,
however, was limited. It was impossible
to gather a sufficient sample without in-
cluding younger subjects. A minimum
age requirement of twelve years was
established to assure that growth was
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TABLE 1
Comparison of Sample to Normal
Normal Sample =+
Mean S Mean S.D.
Age 324 16.8
Head Cire. 55.6 1.8 49.1 2.3 15.7*
Cranial Vol. 1016.8 198.4
N-S 73.7 3.7 66.5 5.1 8.5*
N-F 16.4 2.7 14.3 2.8 3.5*
S-F 57.3 3.4 52.3 5.0 6.4*
S-Ba 48.5 2.7 42.6 3.5 9.5*
eth-NSL 2.4 2.2 3 2.1 5.3*
orf-NSL 14.4 1.5 14.6 1.5 .6
N-Ba 112.0 4.4 100.6 6.3 11.3*
N-S-Ba 131.2 4.8 133.8 4.5 2.4%*
eth-S-Ba 128.1 4.5 134.7 6.0 6.4*
* Significance greater than .01
** Significance greater than .05
completed between the foramen caecum TABLE 1II
and sella turcica. The sample consisted Significant Correlations
of six subjects below the age of twenty 1 9 5247**
years and thirteen over the age of 2 3 .7466*
twenty. Table I compares the means 2 4 .5541**
and standard deviations of the total 2 10 -4406**
sample with the normal. A t-value was : 18 gggg:
computed and recorded. 5 g 6789+
The thickness of the frontal bone (N- 6 10 .6889*
F) was closely correlated with the dis- 7 10 .6237*
tance of the cribriform plate (eth) to 8 12 5528
the nasion-sella line (NSL). As the 9 10 A4675%*
frontal bone thickened, the distance be- 11 12 -7462*
tween ethmoidale and the nasion-sella 1=Age 5=N-F
line decreased. Another interesting cor-  2=Head Circum. 6=S-F
relation is the ethmoidale to NSL and  3=Cranial Vol. 7=8-Ba
the eth-S-Ba angle. As the distance from ~ 4=N-S 8=eth-NSL
the cribriform plate to the nasion-sella 9—orf-NSL
line decreased, the internal cranial base 10=N-Ba
angulation (eth-S-Ba) increased. 11=N-S-Ba
12=eth-S-Ba

Table 1T lists all correlations tabu-
lated for each measurement using all
nineteen.

The subjects were further divided
into two groups: 1) cranial capacity
greater or less than 1100 cc and, 2)
cranial circumference greater or less
than 50 cm. Nonsignificant t-scores were
obtained and, therefore, for purposes
of brevity are not reported here.

* Significance greater than .01
** Significance greater than .05

Discussion

In reviewing the literature it becomes
apparent that the mechanism of growth
of the cranial base is not fully under-
stood. Furthermore, the influence
exerted by the growing cranial base on
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surrounding structures as well as the
influence of the surrounding structures
(brain and face) on the growing cranial
base is not known. Brodie, Jr.,»° and
Pruzansky and Lis' realized that the
study of abnormal growth processes fre-
quently clarifies some of the mechanisms
of the normal growth process. This in-
vestigation was undertaken in an effort
to understand more clearly the normal
by a study of the abnormal.

In order to establish that the sample
is abnormal, the accurate diagnosis of
microcephaly is of paramount import-
ance. Because of the variation in the
skull thickness and integumental tissues
of individuals, circumferential measure-
ments of the cranium have been con-
sidered to be only approximations of
the cranial capacity. Microcephaly has
recently been more accurately termed
“micrencephaly” by some investi-
gators'?'* It would appear logical that
the measurement of cranial capacity in
living subjects would result in a more
accurate determination of “micren-
cephaly.” In other words, microcephaly
as a pathological entity would be more
accurately defined and diagnosed by
cranial volume measurement than by
measurement of cranial circumference.

The cranial base of the microcephalic
has never been subjected to close
scrutiny. Measurements directly on a
small number of microcephalic skulls
(less than ten) yielded reports of a
“normal” cranial base and “normal”
facial development.>'? An in vivo
cephalometric study of the cranial base
of microcephalics has never been re-
ported. The results of the present in-
vestigation indicate a significant de-
crease in size of the cranial base in
microcephaly. Each segment of the
cranial base (N-S or S-Ba or F-§) was
also found to be significantly shorter.
Individual subjects frequently had one
portion or another of the cranial base
within .the normal range but in almost
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all instances it was found to be at the
lower end of the normal range. In
examining microcephalic skulls, Scott!®
reported that the length of the cranial
base usually was within the normal
range; he did not note that they were
mostly at the lower end of the range. In
the current study the S-F distance in
eight of nineteen subjects was within
the normal range. The mean average of
the total sample, however, resulted in a
t of 6.31. The same was found to be
true of the other segments of the cranial
base (N-S, t=6.5; S-Ba, t = 9.2).

An explanation for the shorter cranial
base is not readily apparent. Micro-
cephaly is reported by some investigators
as resulting from a monorecessive gene.
It is possible that the genetic determina-
tion for growth of the cranial base may
be affected, as is the genetic potential for
brain size. Then again, microcephalics
are known to be slightly smaller in
stature; hence, the shorter cranial base
may simply reflect the decreased body
size. Whether or not the slightly-
dwarfed body is genetically influenced
is not known.

The theory of the functional matrix
would also seem to offer a logical ex-
planation. Moss'® stated, “It is the
growth of the functional matrix (i.e.,
those tissues supported or protected by
functionally-related skeletal elements)
which furnishes the primary growth
force; the bones respond secondarily.”
Ford'® wrote, “The part of the cranial
base from foramen caecum to sella is
so intimately related to the frontal lobes
of the brain that it would be surprising
if it did not have the same growth rate
as the brain itself.” These two state-
ments would suggest that the internal
cranial base of the microcephalic would
be responsive to the retarded growth
activity of the brain and should, in some
manner, reflect the smaller neural mass.
Moss,?® however, gave another explana-
tion for what he believed was a normal
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cranial base in the microcephalic. The
structures at the base of the brain are
related to ophthalmic and olfactory
function, which are normal in the
microcephalic. Therefore, the base of
the brain is normal, he stated, and so
too is the cranial base upon which it
lies.

Baume,” in noting that the cranial
base was preformed in cartilage, stated
that cartilage was highly resistant to
mechanical pressures and that the
cranial base grew to a genetically pre-
determined size and shape, If the theory
of the functional matrix were accepted,
it is difficult to reconcile this with the
fact that the brain mass could influence
the ultimate size of the underlying
cartilaginous base.

The posterior cranial base (S-Ba) has
been described as following the skeletal
growth rate. Since the activity of the
spheno-occipital synchondrosis continues
into adolescence, it is believed that this
area of the cranial base is more inti-
mately related to the growth of the
splanchnocranium (facial skull} than
to that of the brain. It is well estab-
lished that the growth of the neural
mass is virtually completed by eight
years of age. The splanchnocranium of
the microcephalic is said to be normal;
therefore, it is surprising to find the
posterior cranial base (S-Ba) consider-
ably shortened (t= 9.50). The size of
the brain must exert a greater influence
on this portion of the cranial base than
heretofore believed.

The effect of the shorter cranial base
on the face should be further investi-
gated. The face of the microcephalic,
visually, appears larger than normal.
This, undoubtedly, is due to the con-
trast it presents with the small cranium.
Korkhaus?® reported the cranial base and
face of the microcephalic as normal. He
did not support statistically this state-
ment. With a shorter cranial base we
could, therefore, expect to find changes
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in the microcephalic face. The possi-
bility of compensatory growth of the
facial structures, however, must be con-
sidered. Bjérk and Bjérk* reported a
case in normal face, even though altera-
tions existed in the cranial base. Further
investigation in this area could provide
important information on facial growth.

The external cranial base angulation
(N-S-Ba) of the microcephalic was
found to have a range of 125.0° to
140.0° and a mean value of 133.8%4.5.
The t value was 2.4. This is considered
to be moderately significant at the one
per cent level and would seem to indi-
cate a slight platybasia of the cranial
base. This is supported by the mean
internal cranial base angulation (eth-S-
Ba) of 134.7° (normal: 128.1°) which
gave a t value of 6.4 (Table I).

Bjork® and Stramrud® established
norms for the measurement of the eth
to NSL. Stramrud reported norms for
orf to NSL. In the microcephalic, the
orf-NSL distance is within the normal
range, but the eth-NSL distance is
altered significantly (t = 5.3).

If we assume that the N-S line has
remained stable in microcephalics as is
reported for normals,®®2® the discrep-
ancy of eth-NSL distance would appear
to be the result of decreased inferior
displacement of the cribriform plate. An
interesting significant correlation, how-
ever, was found between the frontal
bone thickness (N-F) and the eth-NSL
distance (Table IT). As the thickness of
the frontal bone increased, the distance
of the eth-NSL shortened. This indicates
that nasion in the microcephalic mi-
grates inferiorly and that the nasion-
sella line is not stable.

Another correlation, eth-NSL and
eth-S-Ba, was also found to be signifi-
cant. As the distance of eth-NSL de-
creased, the angulation eth-S-Ba in-
creased, or platybasia of the cranial base
occurred. This could indicate that the
apparent lack of downward positioning
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of the cribriform plate may not be en-
tirely due to an inferior movement of
the nasofrontal suture. Since the roof of
the orbit (orf) is related to the eye,
which is considered normal in the
microcephalic, an inferior movement of
nasion should be reflected in the dis-
tance of orf-NSL line. Since this is not
the case, the correlation of eth-NSL to
N-F is questionable. It must be noted
that the limited number of subjects used
in this study does not permit the strictest
interpretation of these data.

Correlations were computed for each
series of measurements in which certain
obvious correlations appear (Table IT).
For example, cranial volume to head
circumference (2-3) and segments of
the cranial base length to the total
cranial base length (4-6, 6-10, 4-10)
all displayed significant correlations.
The length of the cranial base was more
closely correlated to cranial circumfer-
ence than it was to cranial volume. The
angulation of N-S-Ba was closely cor-
related to eth-S-Ba angulation. The
N-Ba distance was closely correlated to
the N-S-Ba angulation. The cranial vol-
ume, however, was not found to be
correlated to any changes in the cranial
base. This is somewhat surprising, since
one might expect changes in the cranial
base in direct relation to the size of the
neural mass.

The thickness of the frontal bone
(N-F) is within the normal range for
subjects under twenty years of age (t =
1.1). Among those over twenty years of
age, the frontal bone thickness appears
slightly reduced in size (t = 2.1). Due
to the small number of subjects as well
as to the lack of differentiation in sexes,
the significance of this finding is ques-
tionable.

The microcephalic cranial base is
significantly altered from the normal.
An intensive study of the microcephalic
cranium, cranial base, and facial struc-
tures would undoubtedly enrich our
knowledge of the normal processes of
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growth and development of these re-
gions.

SUuMMARY

Posteroanterior and lateral cephalo-
grams of twenty microcephalics were
used to compute cranial volume and
study cranial base alterations. Statistical
analyses of the data indicated various
significant relationships which led to the
following conclusions: 1) Cranial vol-
ume estimation in vivo using cephalo-
grams is a practical method for classifi-
cation of microcephalics. 2) A highly
significant shortening of the cranial base
exists in microcephalics. The posterior
cranial base (S-Ba) was most signifi-
cantly reduced in size, the external an-
terior cranial base (N-S) next and then
the internal anterior cranial base (S-F).
3) A high correlation exists between
the cranial circumference and the
cranial volume. A moderately positive
correlation exists between the length of
the cranial base (N-Ba) and the cranial
circumference. No correlation was found
between the cranial volume and the
cranial base. 4) A highly significant
correlation exists between the thickness
of the frontal bone (N-F) and the dis-
tance between the cribriform plate and
the N-S line. A similarly positive corre-
lation was found between the eth-N-§
line and internal cranial base angulation
(eth-S-Ba). 5) The distance from the
orbital roof of the N-S line is very close
to the normal range. The thickness of
the frontal bone in subjects under the
age of twenty is normal. Over twenty
years of age, the frontal bone appears
somewhat below average in size.

136 Harrison Avenue
Boston, Mass. 02111

BIBLIOGRAPHY

1. Todd, T. W. Integral Growth of the
Face, Int. J. Ortho., Oral Surg. and
Radiol., 22:321-336, 1936.

2. Scott, J. H. The Growth of the Hu-
man Face, Proc. Roy. Soc. Med., 47:
91-100, 1953.



Vol. 39, No. 1

3.

10.

11.

12,

Korkhaus, G. Disturbances in the
Development of the Upper Jaw and
Middle Face, Am. J. Ortho., Part 1:

43:848-868; Part II: 43:881-890,
1957.

. Carstens, H. K.: A Cranio-facial
Roentgenographic Cephalometric

Survey of the Hydrocephalic. M.S.D.
Thesis, U. of Wash. Dental School,
Seattle, 1965.

. Bjork, A. The Face in Profile, Lund,

Berlingska Boktryckeriet, 1947.

. Meihoff, E. C. and Haach, D. C. A

Method for Cranial Capacity Estima-
tion with Cephalometric Roentgeno-
grams. Submitted for publication,
Dept. of Engineering Mechanics, U.
of Nebraska, Lincoln.

. Watson, E. H. and Lowrey, G. H.

Growth and Development of Chil-
dren, 3rd Ed., Year Book Publishers,
Chicago, 1958.

. Bjork, A. Cranial Base Development,

Am. J. Ortho., 41:198-225, 1955.

. Stramrud, L. External and Internal

Cranial Base. A Cross Sectional
Study of Growth and of Association
in Form, Acta. Odont. Scand., 17:
239-266, 1959.

Brodie, A. G., Jr. The Behavior of
the Cranial Base and its Components
as Revealed by Serial Cephalometric
Roentgenograms, Angle Ortho., 25:
146-159, 1955.

Pruzansky, S. and Lis, E. F. Ceph-
alometric Roentgenography of In-
fants; Sedation, Instrumentation and
Research, Am. J. Ortho., 44:159-186,
1958.

Koch, G. Genetics of Microcephaly in

13.

14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

Cranial Base 63

Man, Acta. Genet. Med., 8:75-86,
1959.
Willis, R. A. The Borderland of

Embryology and Pathology, 2nd Ed.,
Butterworths, Washington, 1962.

Innes, J. R. M. and Saunders, L. Z.
Comparative Neuropathology, Aca-
demic Press, New York.

Hrdlicka, A. Normal Micro- and
Macrocephaly in America, Am. J.
Phys. Anthro., 25:1-91, 1939.

Scott, J. H. Variability of Cranio-
Facial Dimensions in Modern Skulls,
Brit. Dent. J., 94:27-31, 1953.

Brash, J. C. McKeag, H. T. and Scott,
J. H. The Aetiology of Irregularity
and Malocclusion of the Teeth, 2nd
Ed., The Dental Board of the United
Kingdom, London, 1956.

Moss, M. L. The Functional Matrix.
In Vistas in Orthodontics, Edit. by
B. S. Kraus and R. A. Reidel, Lea
and Febiger, Phila., 1962.

Ford, E. H. R. Growth of the Hu-
man Cranial Base, Am. J. Ortho.,
44:498-506, 1958.

Moss, M. L. Personal communication.

Baume, L. J. Principles of Cephalo-
facial Development Revealed by Ex-
perimental Biology, Am. J. Ortho.,
47:881-901, 1961.

Bjork, A. and Bjork, L. Artificial
Deformation and Cranio-Facial
Asymmetry in Ancient Peruvians, J.
Dent. Res., 43:353-362, 1964.
Koski, K. and Virolainen, K. On
Relationships between Roentgeno-
logic Cephalometric Lines of Refer-
ence, Acta Odont. Scand., 14:23-32,
1956.

$S900E 981J BIA $1-G0-GZ0Z 1e /woo Alojoeignd-pold-swiid-yewssiem-pd-awiid//:sdiy woll papeojumoc]



